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Abstract 
There is a lot of methods, how to determine human error probability. The methods have been used to predict human 
error of high risk operation. The quantification of human error probability is based on having statistically relevant 
data of human tasks and the associated error rates, using of databases and call off the required values by expert 
estimation. The issue of assessing the reliability of operators includes, except of operator skills, many other impacts. 
They can be characterized by factors that are most commonly known as Performance Influencing Factors (PSF). PSF 
are the factors of working system that affect or could affect the performance of operators, their reliability, and their 
recovery from encountered error. For a very simple task, there are many possible results from each method, and one 
of the reasons is, that it is difficult to validate value of human error probability. But this problem can be solved with 
statistical analysis of misbehaviours of specific employees. Statistical approach allows validating the likelihood of 
human error (for specific employee) both in qualitative tasks (e.g. opening of valve) as well as quantitative tasks (e.g. 
error of reading the value from the measuring instrument in the process unit operation). This article aims to propose 
simple approaches for validation of human errors. 
 
© 2012 Published by Elsevier Ltd. Selection under responsibility of the Congress Scientific Committee 
(Petr Kluson) 
 
Keywords: Human factors; validation; statistical analysis 
 
 
 
* Corresponding author. Tel.: +420 5 4114 2391; fax: +420 5 4114 2449. 
   E-mail address: kotek.l@fme.vutbr.cz. 
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1956   L. Kotek and L. Mukhametzianova /  Procedia Engineering  42 ( 2012 )  1955 – 1959 
1. Human error probability 
1.1. Introduction 
There is used the term “human error probability” in the field of safety engineering. The term “human 
error probability” is usually defined as „the probability that a person will correctly perform some system-
required activity during a given time period (assuming time is a limiting factor) without performing any 
extraneous activity that can degrade the system” – qualitative errors. But there is also a different kind of 
the error (quantitative error) - the error could be a mathematical way to show the uncertainty of the 
measurement (for example a process value reading), so the error can be the difference between the result 
of the measurement and the true value of measuring.  
There is a lot of methods, how to determine human error probability. The methods have been used to 
predict human error of high risk operation. In the study of HSE [1] there was identified more than 70 
potential human reliability method. Of these, 37 were excluded from any further investigation and 35 
were identified as potentially relevant to HSE major hazard directorates and were investigated fully.  
The quantification of human error probability is based on having statistically relevant data of human 
tasks and the associated error rates, using of databases and call off the required values by expert 
estimation. 
For a very simple task, there are many possible results from each method, and one of the reasons is, 
that it is difficult to validate value of human error probability. But this problem can be solid with 
statistical analysis of misbehaviours of specific employees.  
Statistical approach allows validating the probability of human error (for specific employee) both in 
qualitative tasks (e.g. opening of valve) as well as quantitative tasks (e.g. error of reading the value from 
the measuring instrument in the process unit operation).   
This article aims to propose simple approaches for validation of human errors (both qualitative and 
quantitative). 
 
1.2. Determining of human error and Performance Influencing Factors (PIF) 
The issue of assessing the reliability of operators includes, except of operator skills, many other 
impacts. They can be characterized by factors that are most commonly known as Performance Influencing 
Factors (PSF). PSF are the factors of working system that affect or could affect the performance of 
operators, their reliability, and their recovery from encountered error [2]. 
During the validation of errors of operators (both qualitative and quantitative) by experiments the 
effect of Performance Influencing Factors can be respected. But some of the factors, (e.g., effects of 
stress, organizational factors) can be included into the validation hardly, so the results are burdened by 
inaccuracies. 
 
2. Qualitative error validation 
Validation of qualitative errors was firstly described in the article by Pólya [3], concerned with the 
quality of text proofreading. The principle of the approach is based on the assumption that the probability 
of failure (i.e. error of omission - operator forgets to carry out the task, or error of commission - operator 
carries out the task incorrectly) and the probability of detection error are specific to each employee, each 
PSF affect the likelihood of different workers in the same way. 
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Experimental verification during the validation has to be used, preferably directly to the staff that will 
perform the activity (targeting of human error probability is ensured). The experiment should be similar 
to worker validated activity, (such as opening and closing valves, starting and shutting down of 
equipments, etc.). The worker has to check his activity after every task (number of detected errors is 
recorded – X1). After completing all tasks the worker checks every single step again and the number of 
detected errors is recorded again (X2). 
The probability of failure can be expressed as: 
          (1) 
where pm is the probability of failure, X is the total number of tasks (opportunities for error), Xa is 
the number of errors made by the operator. 
 
Probability of error detection during a first checking (immediately after completion of a single step) is 
calculated as follows: 
 
          (2) 
where pv1 is the probability of error detection during a first checking, X1 is the number of errors 
detected by the operator during a first checking. 
Probability of error detection during a second checking (after completion of all steps) is calculated as 
follows: 
 
          (3) 
where pv2 is the probability of error detection during a second checking, X2 is the number of errors 
detected by the operator during a second checking. 
For further calculations we assume equality between pv1 and pv2 (pv for next time). The total number of 
errors then can be calculated from the relationship: 
 
        (4) 
 
After adjusting we get: 
          (5) 
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Then we can calculate the probability of failure pm (eq. 1) and the probability of error detection pv (eq. 
2). 
The proposed procedure allows validate the probability of qualitative human error easily. 
Disadvantage of proposed approach is necessity of the experiment in similar conditions, which are in the 
process. Another disadvantage can be seen in the neglect of the influence of some Performance 
Influencing Factors. 
 
3. Quantitative error validation 
Quantitative errors are based on the error of reading or setting of process parameter values. Apart from 
the influence of human error, influence of the measuring instruments and process equipments plays a role.  
Validation of probability of human error (obtained by method for estimating the probability of human 
error) in activities based on quantitative operations can be carried out by statistical hypothesis testing of 
similarity between values dividend by mean values (thus t-test applications). 
To validate the value of operator error is necessary to conduct experiment consisting of multiple 
repetitions of validated act with precisely defined conditions (for example, measuring of 100 different 
values that influence on the safety of equipment). 
 
The basic premise for this test is the normality of distribution of relative errors of operator (quotient of 
the result of the measurements and the true value of measuring). There is an assumption, that distribution 
of relative error is normally distributed according to distribution function (6). 
 
 
       (6) 
 
Testing of statistical hypothesis consists of: 
1. Formulation of the null hypothesis H0 and alternative hypothesis HA. According to hypothesis H0 is 
assumed that the mean μ0 calculated by any methods for assessment of human reliability, corresponds to 
the mean μ, calculated experimentally, i.e., μ = μ0. An alternative hypothesis HA is in that case usually 
based as both sides, thus μ ≠ μ0. 
2. The second step is the choice of confidence level α, i.e. the probability of unjustified rejection of 
hypothesis. 
3. The next step is the choice of test statistics. As a test statistic is appropriate to choose the Student's t-
distribution (7). 
 
          (7) 
where n is the extent of random selection,  is the sample mean and s is the standard deviation. 
 
4. In the fourth step the critical field of test characteristic is determined.  
For two-sided test (1 - α / 2) as a critical field is inequality (8). 
 
        (8) 
where t is value according to statistical tables. 
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5. The last step is to decide whether to reject the hypothesis H0 and accept HA (if the test statistics fall 
into critical area) or don’t reject hypothesis H0 (if the test statistics doesn’t fall into critical field (8)). This 
means that with confidence 1-α, we can say that the value of μ0 (calculated by method for assessment of 
human factor reliability) corresponds to the mean μ (calculated experimentally). 
The advantage of this approach is relative simplicity, the disadvantage is necessity of the experiment in 
similar conditions, which are in the process. 
 
4. Conclusion 
The aim of this article was to suggest approaches to validate the value of probability of human error. 
The proposed approaches allow easily evaluate qualitative tasks (e.g. opening of valve) as well as 
quantitative tasks (e.g. error of reading the value from the measuring instrument in the process unit 
operation). 
Other possibilities for validating the probability of human error could be based on using of methods 
Gauge R&R or Design of Experiments.  
Absolute values of the calculated probability of operator error divided by engineering methods can be 
weighted with significant error and the values are often significantly different (method from method). It 
can, for example in using them in fault trees, leads to gross distortion. For this reason, quantitative values 
should be used coherently. 
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